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The antifungal properties of ethanol, cold water and
boiled water extracts of the bark of Khaya ivorensis and
root of Tetracera potatoria were investigated using the
disc diffusion agar method. All the extracts inhibited the
growth of Aspergillus flavus, A. fumigatus, A niger,
Candida albicans, Microsporum audonii, Trichoderma
viride and Trichophyton mentagrophytes. The ethanol
extract was the most active against fungi and the cold
water extract was the least active of the three extracts
for each of the plants. Preliminary phytochemical stud-
ies of K. ivorensis and T. potatoria extracts revealed that
they contain anthocyanins, flavonoids, steroids and tan-
nins. Anthraquinones, phlobatannins and saponins
were absent in all the extracts.
Khaya ivorensis Juss (Melianceae) and Tetracera potatoria
L. (Dilleniaceae) are among the plants listed by the Nigerian
natives which are implicated in curing skin diseases. Khaya
ivorensis (‘Oganwo’ in Yoruba) occurs in the moist forest
where it is recognised by its dark bark and oblong leaflets
which are distinctly accuminate (Keay et al. 1964). K. ivoren-
sis is a forest tree of about 64m high and 7m in girth.
Tetracena potatoria, is a climbing shrub of about 10m
high. The powdered leaf or decoction of the leaf is used for
curing coughs and is held in the mouth to relieve toothache.
The decoction of its leaf and root or the woody stem is used
to cure venereal diseases (Burkill 1997).
Fungal related diseases may not be as common as other
microbial infections but when present they could be difficult
to eradicate especially in immunosuppressive situations
(Bryce 1992). Antifungal activity of several Nigerian plants
has been investigated and documented. These include that
of Acalypha wilkesiana (Alade and Irobi 1993), Mitracarpus
villosus (Irobi and Daramola 1993), Chenopodium procerum
(Bergeron et al. 1995), Nepeta leucophylla (Saxena and
Methela 1996) and Brachystegia eurycoma and Richardia
brasiliensis (Adekunle 2000). Research on bioactive sub-
stances from plant sources has great scope and could lead
to the provision of value added economic returns. The anti-
fungal activity and phytochemical data of Khaya ivorensis
and Tetracera potatoria has not been reported in the litera-
ture.
As part of our investigation into the scientific basis for the
use of Nigerian plants for medicinal purposes, two medicinal
plants, the bark of Khaya ivorensis and the root of Tetracera
potatoria, used locally for the treatment of various fungal
infections were studied for antifungal activity. It is hoped that
this study might lead to the discovery of new compounds
that could be used to formulate new and more potent anti-
fungal drugs which can overcome the problem of resistance.
The preliminary phytochemical studies of the plants are
reported here.
Materials and Methods
Source of plant materials
The plant materials used were collected from the south-
western part of Nigeria (3–4°N, 13–15°E). The flora parts
collected were the stem bark of Khaya ivorensis and roots of
Tetracera potatoria. The plant parts were shade dried at
room temperature (28–30°C) for 14 days. Samples of the
plants were authenticated by Mr Taiwo Ayanbanji of the
Department of Botany and Microbiology, University of
Lagos, Nigeria, as well as using the text in ‘Vernacular
Names of Nigerian Plants in Yoruba’ by Gbile (1984).
Voucher samples (LUH 200006 and LUH 200007) were
deposited at the Department of Botany, University of Lagos,
Nigeria.
Source of micro-organisms
Trichphyton mentagrophytes, Aspergillus niger, A. flavus,
Trichodema viride and Candida albicans were obtained from
scrapes from an infected finger of a patient at the primary
health centre, Yaba, Lagos. Aspergillus fumigatus and
Microsporum audonii were collected from infected skin of a
patient at the College of Medicine, Lagos University
Teaching Hospital, LUTH, Idi-Araba, Lagos. The fungi were
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identified by a Mycologist at LUTH, and by comparing the
morphology of the fungi with the ones in standard mycology
texts such as Alexoupolus (1952), Talbot (1971), Deacon
(1980) and Bryce (1992). These fungi were stored on
Sabouraud’s dextrose agar (Oxoid) slants in the refrigerator
at 4°C prior to use.
Extraction
The plant materials were crushed into fine particles using
pestle and mortar, and then with an electric blender. A
weight of about 1.80kg was obtained for each of the pow-
dered plant parts. Three different extracts were obtained for
each plant, ethanol extract, cold water extract and boiled
water extract. For each of the extracts 600g of the pow-
dered plant parts was used. To obtain the ethanol extract
600g of each plant material was soaked in 1.2 litres of 70%
aqueous ethanol for 24h, after which the extracts were fil-
tered using a Whatman filter No. 1823, and concentrated by
evaporating them in a rotatory evaporator at 40°C. Similarly
600g of each of the plant parts was soaked in 1.2 litres of
distilled water for 24h, and then filtered before concentrat-
ing with a rotatory evaporator under pressure. Also another
600g of each of the plant parts was soaked in 1.2 litres of
distilled water and then boiled for 10min. before filtering,
and then concentrated with a rotatory evaporator. The three
concentrates or extracts of each plant were stored in the
refrigerator at 4°C prior to use.
Antifungal testing
The antifungal activity testing was carried out using the disc
agar diffusion method of Irobi and Daramola (1993). Spore
or conidia suspensions of 105–107 cells of the seven fungal
species, counted with a haemocytometer were made. About
10ml previously prepared Sabouraud dextrose agar (Oxoid)
were poured into Petri dishes and allowed to solidify. A
micropipette was used to introduce 0.1ml of the spore or
conidia suspensions onto the agar plate, and spread with
glass spreading rod under sterile conditions. Sterilised discs
(6mm Whatman No. AA 2017006) were soaked in each of
the extracts (100µg ml–1; extracts were diluted with 30%
aqueous methanol) being assayed, for 6h. Four of these
soaked discs were spread on a fungal spore or conidia
seeded plate with the help of sterile forceps, three plates
were prepared for each fungus used per plant extract. There
were two controls; the one contained the fungal inoculums
but with discs that were soaked in sterile distilled water, and
the second control had the discs soaked in orthodox antibi-
otics. The antibiotic used was nystatin (10µg ml–1). All the
plates containing the discs were then incubated at 28–31°C.
Zone of inhibition was measured after 72h of incubation.
A concentration gradient or minimum inhibition concentra-
tion (MIC) of the antifungal extracts was determined by vary-
ing the concentration of reconstituted extract solution
(0.01–1 000µg ml–1). The antifungal activity test results were
statistically analysed as described by Parker (1979).
Preliminary phytochemical studies
Preliminary phytochemical studies were carried out using
the methods described by Fadeyi et al. (1987) and Harborne
(1998). The extracts of K. ivorensis and T. potatoria were
screened for the presence of anthocyanins, anthraquinones,
flavonoids, phlobatannins, saponins, steroids and tannins.
Table 1: Antifungal activity of ethanol extracts of the bark of Khaya ivorensis and of the root of Tetracera potatoria
Zone of inhibition (mean ± S.E. mm) produced by extracts
Fungi Aspergillus Aspergillus Aspergillus Candida Microsporum Trichoderma Trichophyton
flavus fumigatus niger albicans audonii viride mentagrophyte
Extracts or Solution
Control (30% methanol) 0.00±0.00a* 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a
Nystatin 26.00±0.24b 26.25±0.20b 15.56±0.11c 26.44±0.19b 31.25±0.12d 23.44±0.18b 31.50±0.19d
Khaya ivorensis (bark) 14.62±0.31c 16.00±0.33c 18.71±0.23cf 25.94±0.54b 0.00±0.00a 20.49±0.83bf 22.25±0.14b
Tetracera potatoria (root) 12.85±0.49e 19.78±0.27cf 20.93±0.17bf 24.73±0.33b 24.74±0.38b 0.00±0.00a 21.23±0.21b
* Samples with similar letters show no significant difference at P = 0.01, samples with different letters show significant difference at P = 0.01
Table 2: Antifungal activity of cold water extracts of the bark of Khaya ivorensis and of the root of Tetracera potatoria
Zone of inhibition (mean ± S.E. mm) produced by extracts
Fungi Aspergillus Aspergillus Aspergillus Candida Microsporum Trichoderma Trichophyton
flavus fumigatus niger albicans audonii viride mentagrophyte
Extracts or Solution
Control (30% methanol) 0.00±0.00a* 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a
Nystatin 26.00±0.24b 26.25±0.20b 15.56±0.11c 26.44±0.19b 31.25±0.12d 23.44±0.18b 31.50±0.19d
Khaya ivorensis (bark) 13.00±0.12e 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 14.00±0.19e
Tetracera potatoria (root) 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 13.06±0.14e
* Samples with similar letters show no significant difference at P = 0.01, samples with different letters show significant difference at P = 0.01
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Results
The powdered K. ivorensis bark produced 18g of ethanol
extract and 67g of cold water extract and 54g of boiled
water extract. The powdered root of T. potatoria produced
23g of ethanol extract and 54g cold water extract and 48g
boiled water extract. The result in Tables 1–3 show that all
the crude extracts had definite significant antifungal activity
on most of the fungi. The zone of inhibition varied for the
fungi with respect to the type of plant extract. Some extracts
did not inhibit the growth of some fungi, for example the
ethanol extract of K. ivorensis did not inhibit the growth of
M. audinii and the ethanol extract of T. potatoria did not
inhibit the growth of T. viride (Table 1). The cold water
extracts of K. ivorensis had zones of inhibition on T. menta-
grophytes and A. flavus while the cold water extracts of T.
potatoria inhibited only T. mentagraphytes among the six
fungi tested (Table 2). The boiled water extract of K. ivoren-
sis did not inhibit the growth of T. mentagrophytes, A.
flavus, A. fumigatus and M. audonii, and the boiled water
extract of T. potatoria did not inhibit the growth of A. flavus
(Table 3). Overall, of the plant extracts, the boiled water
extracts of T. potatoria had the highest zone of inhibition of
26.06 ± 0.15mm on M. audonii. Generally the ethanol
extract of K. ivorensis was the most antifungal active (Table
1). Surprisingly the zone of inhibition of the ethanol extract
of the two plants on A. niger were higher than that of the
nystatin antibiotic on A. niger (Table 1).
The crude extracts (ethanol, cold water and boiled water)
of the two plants contained tannins, flavonoids, steroids and
anthocyanins (Table 4). Anthraquinones, phlobatannins, and
saponins were absent in all the extracts of K. ivorensis and
T. potatoria (Table 4).
Discussion
This investigation reveals that the plant extracts in this study
can be effective antibiotics since they inhibited the growth of
fungal causal agents of skin diseases. The plant extracts
might be host specific because the extracts exhibited greater
antifungal activity at higher concentrations of the extracts.
Practical application of such results involves comparing the
MIC with the concentration active in vivo in order to work out
mechanism of action (Bever 1986). 
The cold water extract of the plants had the least antifun-
gal activity of the three extracts considered for each of the
plants. Also the ethanol and boiled water extracts had differ-
ent degrees of antifungal activity. This is similar to the work
of Guindidza and Gaza (1993) who worked on citric acid,
dichloromethane and petroleum ether extracts of the bark of
Dalbergia melanoxylon. They found that each extract had
varying antifungal activity and suggested that the bioactive
substance might be more soluble in the most active extract
or fraction. Traditionally the water extracts are boiled and
used orally or topically to cure the skin disease, the report
here supports the boiling of water extracts to produce most
active fractions. The bioactive constituents of K. ivorensis
and T. potatoria may be anthocyanins, flavonoids, and tan-
nins. Burapadaja and Bunchoo (1995) reported the pres-
ence of tannins in Terminalia citrina extracts and explained
that they inhibit cell wall formation in fungi leading to the
death of the organism. Flavonoids were also implicated by
Table 3: Antifungal activity of boiled water extracts of Khaya ivorensis and Tetracera potatoria
Zone of inhibition (mean ± S.E. mm) produced by extracts
Fungi Aspergillus Aspergillus Aspergillus Candida Microsporum Trichoderma Trichophyton
flavus fumigatus niger albicans audonii viride mentagrophyte
Extracts or Solution
Control (30% methanol) 0.00±0.00a* 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a
Nystatin 26.00±0.24b 26.25±0.20b 15.56±0.11c 26.44±0.19b 31.25±0.12d 23.44±0.18b 31.50±0.19d
Khaya ivorensis (bark) 0.00±0.00a 0.00±0.00a 15.75±0.16c 16.19±0.16c 0.00±0.00a 16.00±0.21c 0.00±0.00a
Tetracera potatoria (root) 0.00±0.00a 0.00±0.00a 24.44±0.15b 22.69±0.21b 26.6±0.15b 21.81±0.41b 11.38±0.19e
* Samples with similar letters show no significant difference at P = 0.01, samples with different letters show significant difference at P = 0.01
Medicinal Plant Species Anthocyanin Anthraquinone Flavonoid Phlobatannin Saponin Steroid Tannin
K. ivorensis
Ethanol extracts + _ + _ _ + +
Cold water extract + _ + _ _ + +
Boiled water extract + _ + _ _ + +
T. potatoria
Ethanol extract + _ + _ _ + +
Cold water extract + _ + _ _ + +
Boiled water extract + _ + _ _ + +
(+) = Presence of phytochemical compound
(–) = Absence of phytochemical compound
Table 4: Phytochemical compounds present in the extracts of bark of Khaya ivorensis and roots of Tetracera potatoria
Barnabas and Nagarajan (1988) to be responsible for the
antifungal activity of some other medicinal plants.
The fact that ethanol, cold water and boiled water extract
of K. ivorensis and T. potatoria produced inhibitory activity
against some micro-organisms that cause skin diseases (C.
albicans, T. mentagrophytes and M. audonii) provides some
scientific explanation for the utilisation of these plants by the
natives of south-west Nigeria to treat skin diseases.
However, it is important to point out that crude extracts such
as these need to be further purified through antifungal activ-
ity guided fractionation to isolate and identify the compounds
responsible for biological activity. The toxicity level of the
pure compounds can be investigated with the view of for-
mulating them into crude drugs if the therapeutic threshold is
acceptable.
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